The rapidly increasing importance of enzyme urease applications has drawn attention to the need of enzyme study. It prompted the present study to hunt a promising bacterial strain with the desired nature from the Porto Novo coast. Urease enzyme is used in diagnostic kits for measuring blood urea, removal of urea from alcoholic beverages, urease conductometric biosensors for detection of heavy metal ions, etc. In our study, urease enzyme produced by marine bacteria, was isolated, identified and characterized. Samples of water and sediment from Porto Novo coast were taken for analysis. After that, sediment sample showed more number of urease producing bacteria when compared to water sample. Urease producing bacteria were identified as Klebseilla spp, Proteus spp, Lactobacillus spp and Streptococcus spp, from that urease producer Klebseilla spp showed maximum urease production through phenol hypochlorite assay. The potential strain was optimized with their physiochemical parameters showing maximum urease production at 48 h incubation, pH 7, temperature 35°C, salinity 20 ppt producing 1.7, 1.72, 1.67 and 1.72 U/ml, respectively. An optimization with different carbon and nitrogen source showed maximum at 0.7% glucose with 2.05 U/ml and 0.7% peptone with 2.15 U/ml. Mineral supplements 0.03% sodium acetate, 0.04% potassium dihydrogen phosphate, 0.04% nickel sulphate and 0.04% magnesium sulphate showed maximum production of 2.18, 2.27, 2.37 and 2.4 U/ml, respectively. Urea, the enzyme substrate showed maximum production at 0.3% with 2.25 U/ml urease production. Final optimization with inoculum size showed maximum production with increased volume of inoculum with 50 ml of 6 -8 × 10 7 cell/ml to 500 ml of fermentation medium, showed 2.65 U/ml of urease on 36 h of incubation. Urease enzyme was produced in fermentation medium with the above optimized condition and showed a production of 2.8 U/ml. Then the enzyme was partially purified using dialysis membrane after being fractionated with 60% ammonium sulphate at 5°C. The characterization of urease enzyme from marine bacterium Klebsiella species and the optimization of various physicochemical factors for maximum urease production and its activity stand as a ready reference for more elaborate work of this line in future. The results of the present study will be a base line data for the application of this urease.
INTRODUCTION
Marine environment has been polluted with numerous chemicals from industrial, agricultural, urban activities. *Corresponding author. E-mail: senthilsenthilbalan@yahoo.co.in. Tel: +919486198685.
Modern agriculture practices introduce fertilizers like urea into the aquatic environment. When these pollutants persist in the environment, total heterotrophic bacteria (THB) population adopt to produce various enzymes including urease hence the present study. There are many applications for the enzyme urease (that is,) it can be used as a diagnostic tool to detect the blood urea (Smith et al., 1993) , to remove urea from alcoholic beverages (Fujinawa and Dela, 1990 ) and in urease conductometric biosensors for detection of heavy metal ions, biocalcification (Sarda et al., 2009) , etc. Urease (urea amidohydrolase, EC 3.5.1.5) catalyzes the hydrolysis of urea into ammonia and carbamate (Karplus et al., 1997) and they play an important role in nitrogen metabolism (Ferrero et al., 1988) . It is a nickel-containing metalloenzyme first isolated from seeds of the jack bean plant in 1926 (Dixon et al., 1975) . Urease is widely distributed in nature and is detected in microorganisms, plants and animals (Tabatabai, 1994) and it is also implicated in the virulence of various human and animal pathogens (Mobley et al., 1995) .
More number of microbial source for this enzyme including bacteria such as Lactobacillus ruminis, corynebacterium lillium, Lactobacillus fermentum, Lactobacillus reuteri (Kakimoto et al., 1989; Kakimoto and Suzuki, 1992) Bacillus pasteurii (Achal et al., 2009) , Enterobacter sp (Yang et al., 2008 ) Klebseilla spp (Rao et al., 1993) and fungi such as Aspergillus niger (Smith et al., 1993) , Aspergillus nidulans (Mackay and Pateman, 1980; Creaser and Porter, 1985) , Rhizipus oryzae (Farley and Santosa, 2002) have been well characterized. When microorganisms utilize urea in urea medium, ammonia is formed during the incubation which makes these media alkaline. Consequently urease production can be detected using pH indicators. Although urea is the major substrate of urease, the enzyme is capable of hydrolyzing other substrates such as acetamide, formamide, Nmethylurea and semicarbazide (Dixon et al., 1980) . Urea hydrolysis has been widely used for the classification and identification of microorganisms, especially members of the family Enterobacteriaceae, Pseudomonads, Haemoplhiltis spp and other Gram-negative bacteria (Qadri et al., 1984) .
The present study focus on the production of urease by a Klebsiella spp isolated from a sediment sample of Porto Novo coast, India. Klebsiella is a rod-shaped Gramnegative bacteria with a prominent polysaccharide-based capsule, facultative anaerobic, non motile bacteria and oxidase-negative. Klebsiella organisms occur in soil and water and on plants, and some strains are considered a part of the normal flora of the human gastrointestinal tract. The genus is named for German physician and bacteriologist Edwin Klebs. This strain of Klebseilla spp could be used for the production of urease, grow readily under laboratory conditions. The enzyme showed high efficiency on hydrolysis of urea through phenol hypochlorite assay. The objects of this study to characterize the urease enzyme produced by a marine bacterium Klebsiella spp.
MATERIALS AND METHODS

Collection of samples
Water and sediment samples were taken from mouth of the Porto Balan et al. 5915 Novo coastal area (latitude 11º29΄N; long 79º46΄E) during December 2009 to January 2010. Samples were transferred to the laboratory in an ice box maintained at 4°C for further study.
Water sample
Surface water samples were collected in pre sterilized bottles allowing enough air space inside so as to facilitate thorough mixing. Precautionary measures were taken to minimize the contamination.
Sediment sample
Sediment samples were collected using a sterile spatula. The central portions of the collected samples were aseptically transferred into sterile polythene bags.
Isolation of urease producing marine bacteria (primary screening)
Water and sediment sample were serially diluted using 50% aged sea water as diluent and plated on urea agar (Christensen medium) containing urea -20 g, peptone -1 g, KH2PO4 -2.0 g, glucose -1.0 g, NaCl -5.0 g, agar-15.0 g, 50% aged sea water -1000 ml and Phenol red indicator-0.012 g pH 6.8± 0.2 at 25°C and the plates were incubated at 37°C for 48 h (Atlas, 1946) .
Selection of potential bacteria through phenol hypochlorite assay (secondary screening)
The axenic cultures were individually tested for their urease producing potential using Phenol hypochlorite assay. Axenic cultures were cultured on urea broth and incubated for 72 h. The broth was centrifuged after incubation period and the supernatant was tested for its urease activity.
Identification of potential strains
The axenic cultures producing urease enzyme during screening were identified using Bergy's Manual of Determinative Bacteriology (Buchanan and Gibbons, 1974) .
Optimization of physico-chemical parameters for better enzyme production
Cultural conditions like incubation period, pH, temperature, salinity and nutritional factors like carbon, nitrogen and mineral salts were tested for the potential strains. Experiments were done by adopting search technique that is, varying parameters one at a time, were conducted in 250 ml Erlenmeyer flasks containing urease production medium and every varying parameters were carried out in triplicates and the average values were taken into account. The range of parameter achieved by one step was fixed in subsequent experiments. Various physico-chemical parameters were optimized with the base of that production medium 2% D-glucose, 1% peptone, 0.5% yeast extract, 0.2% KH2PO4, 0.5% NaCl, 0.2% NaAc, and 0.5% urea, 0.005% MnSO4, and 0.005% NiSO4 with pH 5.5 (Yang et al., 2008) .
Incubation period
Incubation was carried out for a time period ranging from 8 to 64 h with 8 h interval and the urease production was estimated.
pH
To determine the optimal pH for maximum urease, the production was tested ranging from 5 to 8 with the interval of pH 0.5.
Temperature
To know the optimal temperature for maximum urease, the production ranging between 20 to 40°C with the interval of 5°C.
Salinity
The effect of varying salt concentrations was checked between 5 to 50 ppt with the interval of 5 ppt since the strain is of marine origin.
Carbon sources
The effect of different carbon sources like glucose, fructose, lactose, mannitol, starch, sucrose, maltose with varying concentration 0.1% to 1% were tested for urease production.
Nitrogen sources
Strains were cultured with different nitrogen sources like peptone, yeast extract, beef extract, ammonium nitrate and ammonium sulphate with different concentration of 0.1to 1% were checked for urease production.
Mineral supplements
Effect of different ionic supplements like sodium acetate, potassium dihydrogen phosphate, nickel sulphate and manganese sulphate used in media with varying concentration 0.1 to 1% were checked for maximum urease production.
Urea concentration
Varying the concentration of enzyme substrate urea ranging from 0.1 to 1% was tested.
Inoculum size
Optimization of inoculum size with varying concentrations of addition 10 to 50 ml of 6-8 × 10 7 cells/ml is one important factor for maximizing urease production and time conception by earlier production.
Phenol-hypochlorite assay
The urease activity was measured by phenol-hypochlorite assay (Weatherburn, 1967) . The reactions were done in micro tubes containing 100 μl of sample, 500 μl of 50 mM urea and 500 μl of 100 mM potassium phosphate buffer (pH 8.0) giving a total volume of 1.1 ml. The reaction mixture was incubated at 37°C for 30 min in a shaking water bath. The reaction was stopped by transferring 50 μl of reaction mixture to the tubes containing 500 μl of phenolsodium nitroprusside solution (0.05 g sodium nitroprusside + 1 g phenol/100 ml distilled water). 500 μl of alkaline hypochlorite (3.56 g Na2HPO4 + 1 ml sodium hypochlorite + 100 ml distilled water) was added to the tubes, and incubated at room temperature for 30 min. Finally, the optical density of the colour complex was measured at 630 nm against the blank (500 ml phenol nitroprusside sodium + 500 ml sodium hypochlorite + 50 ml distilled water) in a spectrophotometer and compared to a standard curve prepared with (NH4)2SO4. Controls used for the enzyme reactions were reaction mixture without substrate and reaction mixture without incubation. One unit of urease activity was defined as the amount of enzyme liberating 1 mg NH3 from urea per minute, under the above assay conditions (Smith et al., 1993) .
Inoculum preparation
Potential axenic culture of Klebseilla spp was optimized for inoculum density on optimized production medium in 50 of 250 ml Erlenmeyer's conical flask and incubated at optimized time and temperature.
Bulk production
For mass scale production, 500 ml of optimized urease production medium was prepared in 1 litre Erlenmeyer's conical flask. After sterilization prepared inoculum was inoculated and incubated for 48 h. In intervals of 4 after 12 h of incubation production medium was tested for urease production using phenol-hypochlorite assay.
Partial purification and lyophilisation
After incubation period, the mass scale culture was collected and centrifuged at 10,000 rpm for 15 min. and the cell free supernatant was collected. The cell free supernatant was precipitated with the addition of ammonium sulphate to 60% saturation at 5°C and kept for over night. The precipitated particles again centrifuged at 10,000 rpm for 15 min and the pellet was collected. The pellet was suspended in a minimum volume of phosphate buffer (pH 7) and dialysed using dialysis membrane against four changes of the same phosphate buffer. Then the partially purified enzyme was lyophilized. In between, each of the above process, urease enzyme was checked for its activity by phenol-hypochlorite assay and compared with the standard values.
RESULTS AND DISCUSSION
Urease producing bacteria was pursuit on water and sediment samples of Porto Novo coast, India during December 2009 to January 2010. The samples were serially diluted and plated on urea agar with pH 6.5 with phenol red pH indicator and incubated at 37°C for 48 h. After incubation, colonies showed pink colour are urease producers (that is) confirm hydrolysis of urea resulting ammonia, which forms an alkaline environment. The urease producing strains were pure cultured using phase streaking plate technique on the same media urea agar and the axenic cultures were lyophilized and were used for further studies. Among the samples, sediment sample harboured more number of urease producing bacteria. The viable count of urease producing bacteria was ranged nearly negligible in water and was in the range of 2.8 × 10 3 -8 × 10
4 CFU/g in sediment. The strains were Total number of urease producing bacteria was isolated through primary screening method from both water and sediment sample were 31. identified by biochemical methods with the help of Bergy's Manual of Determinative Bacteriology. The isolated strains were identified as Klebsiella spp, Proteus spp, Lactobacillus spp and Streptococcus spp. Out of that Klebseilla spp was found to be a dominating (Table 1) forming 78%. The others forms compared to others were Proteus spp, Lactobacillus spp and Streptococcus spp, respectively constituting about 13, 6 and 3% (Table 1) .
These axenic strains were grown in urea broth and after incubation at 37°C for 48 h with pH 6.5, the broth was centrifuged and the cell free supernatant was used for phenol hypochlorite assay. Klebsiella spp showed a maximum urease activity of 1.75U/ ml followed by Proteus spp, Lactobacillus spp and Streptococcus spp, respectively. Hence Klebseilla spp was selected as the most potential strain (Figure 1 ) and further studies were Yamaguchi et al. (1999) and Rao et al. (1993) who characterized urease enzyme in Klebsiella spp. When Klebsiella strain was optimized for various physico-chemical parameters of potential bacteria Klebseilla spp for maximum urease production, 48 h of incubation period was found to be ideal for maximum urease production of 1.7 U/ml ( Figure 2 and Table 2 ) initially with production medium while completing all other optimization of physiochemical parameters the incubation period was once second checked for maximum production was 2.65 U/ml at 36 h. Similarly Yang et al. (2008) reported 36 h was ideal incubation time for urease production with Enterobacter spp. In our study pH 7 was found to be optimum at which 1.72 U/ml (Figure 3 and Table 3 ) for maximum urease production. However Suzuki et al. (1979) reported as pH of 4 and 8 were optimum, respectively for Lactobacillus fermentum and Bacillus multiacidus. The optimization of temperature showed a maximum urease production of1.67 U/ml at 35°C (Figure 4 and Table 4) which was supported by Yang et al. (2008) origin, Klebseilla spp was optimized for salinity also and 20 ppt was found to be ideal (1.72 U/ml ( Figure 5 and Table 5) ). Among carbon sources, glucose showed maximum urease production at 0.7% (2.05 U/ml ( Figure 6 and Table 6 )). However Ruth et al. (1998) and Yang et al. (2008) used 2% of glucose with both growth and fermentation medium. Regarding nitrogen sources, peptone (0.7%) showed maximum urease production (2.15 U/ml ( Figure 7 and Table 7) ). However Ghasemi et In the present study mineral supplement using NaAc, KH 2 PO 4 , NiSO 4 and MgSO 4 attempted. The result showed that 0.03% of sodium acetate, 0.04% of potassium dihydrogen phosphates, 0.04% of nickel Sulphate and 0.04% of magnesium sulphate gave 2.18, 2.27, 2.37 and2.4 U/ml (Figure 8 and Table 8 ) of enzyme activity. Research of Yamaguchi et al. (1999) supported the need for optimization of nickel reported that urease enzyme possesses a dinuclear Ni active site. However Bakhtiari et al. (2006) reported that 13.3 g of KH 2 PO 4 and 0.5 g of MgSO 4. 5H 2 O was the optimum concentration for urease production by Aspergillus niger PTCC5011 . The enzyme substrate urea was optimized from 0.1 to 1.0% and 0.3% of urea resulted in 2.25 U/ml ( Figure 9 and Table 9 ) when substrate concentration was increased further it inhibited the growth of the organism as well as the urease production. Similarly Suzuki et al. (1979) used 0.3% of urea in the screening media for urease activity. Finally after all the required physico-chemical parameters were optimized, the inoculum size was optimized with the addition of 10 to 50 ml of 6 -8 × 10 7 cell/ml in inoculum preparation to increasing the inoculum concentration the production was increased with decreasing incubation period, 2.65 U/ml urease formed from 36 h incubation period ( Figure 10 and Table 10 ).
Inoculum size of optimized 6 -8 × 10 7 cell/ml was prepared with optimized physiochemical parameters in urease production medium in 50 of 250 ml Erlenmeyer's conical flask. After incubation period of 24 h inoculums was transferred to 500 of 1000 ml Erlenmeyer's conical flask. After incubation, the urease activity was found to be 2.8 U/ml. The whole cultured broth was centrifuged at 10,000 rpm for 15 min and the supernatant was fractionated with 60% ammonium sulphate at 5°C which was allowed for overnight to form precipitation. Then the precipitated medium was centrifuged against 10,000 rpm for 15 min and the pellet was collected and dissolved in phosphate buffer at pH 7. The pellet was dialysed using dialysis membrane with the same buffer four times. Then the partially purified extracellular urease was lyophilized.
Conclusion
In this study, an industrial important enzyme: urease, isolated from Klebsiella spp of Porto Novo coast, India is shown to have the ability to produce respectable quantity for its applications. The maximum production of the enzyme was optimized and partially purified with ammonium sulphate precipitation and dialysis; enzyme activity was checked and shown increased during the procedure without any denaturation or loss of activity.Further purification and characterization of the enzyme are under study. The present study shows that urease enzyme can be industrially produced using Klebsiella strain isolated from marine environment.
